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Abstract

Viral interaction with its cellular receptor on the surface of the host 
cell initiates a cascade of events that lead to the entry of virus into 
the cell. The interaction and subsequent attachment of virus with 
the host cell is specific to the type of cellular receptor expressed 
on the cell surface. In that way virus discriminately infect certain 
cell lines or organism species and groups. A cellular receptor can 
independently mediate viral entry into the host cell, whereas in 
some cases, other co-receptors or even substances produced as 
a result of signal transduction are required. Herein, we review the 
cellular receptors of some medically important viruses and their 
contributions in the viral infection.
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Introduction 
All pathogens must adhere to host cells before infection occur; 

otherwise, they will be washed away by the host clearance mechanism. 
While adherence to the host cell is usually the first step in bacterial 
pathogenesis, for viruses and other intracellular pathogens it is 
prerequisite for invasion [1]. Therefore viral attachment to host 
cell is one of the major factors that determine viral Pathogenicity. 
Viruses attach to their host cell in different ways, depending on the 
structure and compositions of the virus as well as the type of the cell 
they interact with. Host cell determines, which virus it will interact 
with via expression of molecules known as virus receptor proteins 
or glycoproteins on outer membrane surface. For example mucin 
glycoprotein expressed on surface of the respiratory epithelial cells 
interacts with as influenza A virus through it terminal sialic acid on 
the extracellular domain [2]. Virus receptors are specific, in the sense 
that, they only bind discriminately to only complementary epitopes 
on the viral surface. Although after the attachment, many processes 
occur before the virus gain entry into the host cell. A virus may have 
more than one receptor; similarly, a single receptor may be common 
for different viruses, for instance coxsackie virus-adenovirus receptor 
(CAR), which mediates the attachment of both viruses [3]. 

Although virus-cell interaction via attachment receptor is crucial 
for the viral invasion, interactions of co-receptors are also required 

to mediate the viral entry into the host cell [4]. It is impractical to 
discus the receptors of all viruses with respect to their contribution 
in pathogenesis, thus, this review focus on few virus groups of utmost 
medical importance. 

Human immunodeficiency virus 

Human immunodeficiency virus (HIV) is the causative agent 
of the popular sexually transmitted pandemic syndrome, acquired 
immunodeficiency syndrome (AIDS). HIV is a member of retrovirus 
family with single stranded RNA genome [5]. The principal receptor 
for HIV is CD4 [6]. However, the interaction of the virus glycoprotein 
(gp120) with this receptor is not sufficient for the virus to gain entry 
into the target cell as it only provides attachment. Studies showed 
several chemokines receptors, termed as co-receptors contribute in 
fusion, hence, infection of the virus [3]. Although, not all the co-
receptors are identified, CXCR4 was shown to mediate the entry of 
T cell tropic HIV strain. Both CD4 and CXCR4 interact with and 
effect conformational changes in gp120 of the virus, thus resulting 
to membrane fusion and subsequent entry into the recognised T cell 
[7]. It has been shown that transfection of cells with small interfering 
RNAs that are homologous to a motif in the mRNA that codes for 
CXCR4 down-regulates the expression of the chemokine receptor on 
the surface of the cells, and consequently inhibits the fusion of HIV-1 
[8]. CCR5 is another chemokine receptor identified to mediate entry 
of macrophage tropic HIV strain [9]. Binding of CCR5 is reduced 
by 87% when antibody inhibits the CD4 interaction with the virus 
gp120; hence CCR5 binding is CD4-dependent [10]. But despite 
that, CCR5 is required for the viral entry, because mutation by 
deleting 32bp in gene that encodes CCR5 confers partial resistance 
to infection with macrophage tropic HIV strain in individuals that 
carried such mutation [3]. Interactions of gp120 with CD4 and 
CCR5/CXCR4 induce the metastable envelope subunit, gp41 to 
undergo the conformational changes required for the viral fusion 
[11]. The amino acid content and charge of the variable region of 
gp120 determine the viral tropism for different cell lines [12]. Co-
receptor might also determine the tropism of HIV. For example 
a recent study reported that variations in the amino terminus 
and the extracellular loop 1 and loop 2 of CCR5 inhibit zoonoses 
[13]. However, mutations in the viral envelope protein may occur 
during the progression of the infection, which may change the 
tropism of the virus, for instance, from macrophage tropic to T 
cell tropic [3]. 

Most HIV-1 strains are transmitted horizontally by sexual contact 
and vertically from mother to infant. This selective transmission may 
be as a result of selective tropism of CCR5 on dendritic cells and 
macrophages of mucosal and reproductive tract lining [12]. This 
idea was supported by the findings of Ostrowski et al., from a cross-
sectional study carried out to evaluate the expression of the HIV co-
receptors, CCR5 and CXCR4 in context of cellular activation marker 
and stage of the disease by using whole blood of HIV infected and 
uninfected individuals [14]. Their findings revealed that, in the early 
stage of the infection, the expression of CCR5 in CD4+ T cells is up-
regulated and CXCR4 in macrophages is significantly down regulated 
in HIV infected individual compared to uninfected controls. This may 
favour the multiplication of macrophage tropic HIV strain. 
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Apart from attachment mediation, CD4 high affinity for 
interaction with the virus envelope gp120 triggers the initiation of 
cyncytium and cyncytium-independent cytopathic effect [15]. Host 
immune response reacts to that, by producing CD4 specific antibody and 
soluble CD4 to neutralize the gp120. In an attempt to avoid recognition 
by this humoral immune strategy, the virus shed its envelope gp120 such 
that it can binds to the host cells without being neutralised by the immune 
system. The virus tempers with the functions of the infected cells and 
renders them susceptible to destruction by cell mediated host immune 
response such as antibody dependent cellular cytotoxic (ADCC) effectors 
[15]. Cytopathic effect and the autolysis of infected and non-infected 
cells, decrease the number of lymphoid cells in infected individuals 
and hence the immune suppression. Transition from predominance 
macrophage tropic to predominance T cell tropic virus is important step 
in progression of the disease [12]. The factors that are responsible for this 
transition are not clearly understood but may include: the reduction in 
production of antibodies and killer T cells, escape of T cell tropic virus 
from neutralizing antibodies and killer T cells, increase in viral replication 
due to activation of immune system caused by opportunistic pathogens 
and decrease in synthesis of chemokines, such as SDF-1, that inhibit 
infection with T cell tropic HIV-1.

Poliovirus 

Poliovirus is enteric positive sense single stranded RNA virus 
with icosahedral symmetry. As a member of enteroviruses, polio 
virus is transmitted via ingestion through the mouth, then multiply 
in the lymphoid tissue of alimentary tract from where it spread in 
the blood to cause viraemia; and lumen of the gut [5]. Poliovirus 
has three serotypes PV1, PV2 and PV3, and all infect human cells 
by binding to poliovirus receptor (PVR) also known as CD155, a 
member of immunoglobulin-like super family [16]. It is composed 
of polypeptides containing an N-terminal signal sequence, three 
extracellular immunoglobulin-like domains, a trans membrane and 
a cytoplasmic tail [17]. The extracellular domain is expressed in four 
splice variants, designated hPVR-α, β, γ and δ [3]. The capsid of each 
of the three serotypes consists of sixty copies of each of the three viral 
surface proteins: VP1, VP2 and VP3 as well as sixty copies of internally 
located VP4 [18]. The cryoelectron microscopic structures of all three 
poliovirus serotypes in complex with their cellular receptors, CD155, 
revealed that the viral receptor binding sites (epitopes) are located in 
the rim and at the floor of narrow depressions in the capsid known 
as canyons (Figure 1) [19]. Additionally, Genetic mutation studies 

Figure 1: Stereoviews of cryoelectron microscopic structures of PV1, PV2 and PV3 in complex with glycosylated CD155 [19]. The viral surface is shown in 
gray, while the CD155 is shown in red. The enlargement of the icosahedral asymmetric unit showing the attached glycosylated CD155 is shown in the bottom 
left. At the bottom right is a triangle describing the north and south notations used to explain the canyon topology.
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identified canyon as the viral binding site for CD155 [20,21]. This 
formed the basis of the suggestion that, antibody cannot neutralise 
the virus as the epitopes cannot be recognized in these narrow 
depressions. 

The infection is initiated by attachment to CD155, during which 
the β and γ variants of the extracellular domain of the PVR are 
secreted, whereas α and δ serve as PVR that facilitate the virus entry 
into the host cell [18]. Poliovirus exclusively infects human and higher 
primates such as old world monkeys, as PVR is only found in cells of 
such animals. However, poliovirus was shown to induce neurological 
defects in PVR-transgenic mice, similar to those observed in man 
[22]. In man, PVR are expressed in many cells of different tissues, 
such as liver, spleen, lungs, heart, small intestine, and neurons of the 
spinal cord. However, the virus is not normally replicating in liver, 
heart and lungs [3], suggesting cell susceptibility to poliovirus is not 
only determined by PVR. This assumption might not hold because 
transmission of the virus to CNS was shown to be via mononuclear 
cell bearing PVR in the blood [3]. Cells of heart, lungs and other 
tissues, where the virus is not normally replicating might be infected, 
but may possess defense mechanism that can alter the activity or even 
inactivate the virus. 

Measles virus 

Measles virus (MeV) is a negative-strand RNA virus, which belongs 

to genus Moribillivirus of Paramyxoviridae family, which causes 
acute infectious disease characterized by cough, fever, conjunctivitis, 
generalised maculopapular rash and immunosuppression [23]. The 
human CD46 is the cellular receptor for MeV. Dörig and colleagues 
showed that hamster cell lines that expressed CD46 on the surface 
bind MeV and subsequently get infected, thus producing cyncytia 
and the viral proteins [24]. CD46 is also known as membrane 
cofactor protein (MCP) and it is expressed in all human cells except 
red blood cells [3]. However, CD46 is expressed in the red blood 
cells of monkey [23]. Apart from CD46, two other receptors were 
later identified to be associated with the entry of MeV into host cell. 
CD150 also known as signaling lymphocyte- activation molecule 
(SLAM), which its expression is restricted to activated lymphocytes; 
and poliovirus receptor-like protein 4 (PVRL4) otherwise known 
as nectin-4, also restricted to basolateral surface of epithelial cells 
[25]. These restrictions of expression of these receptors, is associated 
with the tropism of the virus in the host. Again, it was reported that 
C-type dendritic cells (DCs)-specific intercellular adhesion molecule 
3-grabbing non-integrin (DC-SIGN) play a role in attachment of DC 
to the MeV, as neither the attachment nor the infection was observed 
in the presence of DC-SIGN inhibitor [23]. Thus DC-SIGN acts only 
as attachment receptor while others mediate the viral entry. 

MeV infection and transmission within human host is a multi-
step process (Figure 2) [25]. Because the main transmission route of 

Figure 2: The infection and local transmission of MeV [25] (a) Initial infection, interaction of the virus epitopes with SLAM and DC-SIGN of the intestinal DCs. 
(b) infection of T-cell via SLAM in the lymph node. (c) Late infection (virus spread). (d) CNS infection.
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the virus is air, therefore the infection is initiated via DCs and the 
alveolar macrophages. The MeV haemagglutinin (H) attachment 
protein attaches to DC-SIGN. This result in a signal transduction 
cascade that leads to the localisation of CD150 to the cell surface 
through acid sphingomyleinase (SMase), and subsequently the 
virus gets internalised into the cell. The virus is transferred to local 
lymph nodes by the infected DCs, where they interact with, activate 
and infect T cells and B cells via CD150. Infected T cells and B cells 
disseminate to secondary lymphoid organs from where the virus 
gain entry into the blood stream to cause viramia and spread into 
different tissues and organs. In respiratory tract, MeV interacts with 
the epithelial cells via PVRL4 that they expressed exclusively. The 
infection can in rare cases reach the nervous system. 

Conclusion 
Virus infection into host cell is multifactorial. A receptor can 

independently mediate entry, whereas in some cases, is a collaborative 
effort with other co-receptors or even substance produced as a result 
of signal transduction. Virus infects a cell only when it recognises it 
receptor on the surface of that cell, failure to do which leads to no 
interaction and hence no infection.
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